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60/319,612, ffledOctoberll, 2002, me contents ofwhich is hereminco.potated by 
reference in its entirety for all purposes. 

gSm^^i»^..„.ownin..eartofra.o^^^^^^ 
_icaUcnsysten.s.Theseciro..sareco.n»on.ynsedto,ninin.izeorel^^^^^ 
unwanted RFUnageofthe received signai.t..tecepUonandprocess.„gofwh.chcan add 

noise and distortion to the communication system. 

[00031 Fig. laiustrales a typical image rejection system employed in a 
Lmmunications receiver oftenreferredtoastlteHarUey architecture. A„RF sign, 
.provided to quadrature and in-phasemixers 104 andmrespectiveiyMos^^^^^^^ 

(not shown) supplies the in-phase mixer with an W frequency cos«o..t) and the 
,uad.a«u.phasemixerl06with.he same LO frequency Shifted 90 deg^ss.n^»u,.^ 
Thequadratureandin-phase mixers 104 and 106 produces quadranrre and .nphaselF 

^ . . . .,.„.,ii«„(on deerees in inuoduced between the 

signals 107 and 109, respectively. z^Fu^v,,- = 

,u!drature and in-phase IF signalsl07andl09,.ypicaUy by meansofaphase softer 

108 THephase-shiftedquadratureandin-phasesignalslllandllSaresanmed 
,„g.«,erbymeansofacombinerll2,whichproducesacombined,hnage.freeffs.gnal 

115. 

,00041 The phase shifter 108 and the summer 112 are collecUvely referred to as the 
:,Q network" or -IQ combiner" withinthe art, andseveral different implementauons 

oarrenflyexist. Fig. 2Ainustratesafirstconvenaona. configuration consistingo^^^^^^^^ 

(resistor-capaci.or)po,yphasemter. inthis arrangement. anRCnetwor.prov,desa9^^ 

degree phase shif.betweentheIandQsigna.pa.hsandsums.he quadrature andm-ph^ 

silsTHe implementation further includes inpu.butferamp.ifiers202toprov.de the 

necessary impedancebufteringbe.weentt.emixers and the input ports Of thepha^ 

shifter, and ou.put buffer 204 coupled to the output .oad.-n.eimp.ementat,on suffers 
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si«.al s«engfl.and noise figure. AdditionaUy, the non-linearity and no.se of thebuffe 
Xr.r2and«H..U.e.de^de*ene.wo*.s^— ..addition vanauon 

inbuffer gain and in *eRC component inwduce gain and phase nusmatoh. 

,00051 Rg 2BiU«sttattsasecondconventionaiIQnemork.Thisarrangemeni, 

L;as.eWeave.a,~c„nsis.o.se.nds.ge,uad.„^^^^^^^ 

„^ers 222 and 224, respectively, which are supplied w.U> a second W frequency 90 
Cesap.oos(».Oandsin(»..).™sarcM.e<*„resuffers— ^^^^^^^ 
Ip,exi.,ini.fabricaUonandbiasing,degradednoisefi^.andh.ghernon.lu,ear..y, 

due to the implementation of additional mixers 222 and 224. 

[0006, Accordingly.thereisaneedforanimp«>vedIQne^vor.havingimproved 

performance and greater simplicity in its implementation. 

»^aSS^io.providesanimpeda„ce.ma.chedlQne.^^^ 

the ima^ rejection Circuit to operate withlowersignallosses,lowerno.se,^^^^^ 
Cr istorUonfo improvedperformance. Additiona..y.thecircuite.emen.som^^ 
roLy,butno,necessarily,beconf.g„redtofunctio„asthebiasingc.cmtryfor 

the connecting mixers. 

,0008] lnoneembodiment,theimpedance.matchedlQnetworl.includesaphase« 
'Zandabac..ermination.^ephaseshif.circuitincludesaninphase^^^^^^^^^ 
.eceivingthein.phasesignal,aquadrature.pha» mixer port for rece,vmgthequadr^u« 

rr^al.ateLnationport,andanou.pu.port.theph^s^^^ 
:^:erub:tantia.lya.,Ode,eephaseshiftbetweenthein.pha.and^^^^^^^^^^ 
Phase mixer ports. The back termination is coupled to the termmauo. port of th^ ph^ 
^lit^Lbackterminationhavinganim^dancevaluesubstantiallyequaltothe 

characteristic impedance of the pha^shiftcircuit at the termination port. 
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[0009] This and other embodmients of the invention will be nndetstood in greater 
detaU in view of the following drawings and detailed description. 

BMD^gS^?^,diagramofaconventionalhnagereiection 

circuit known in the art. 

Fig. 2A Ulustrates a first conventional IQ network known m the art Fig. 2B 
ainstrates a second conventional IQ network known in the art. 

Fig 3A iUnstrates a circuit block diagram of an image rejection crcutt m 
accordance with one embodiment of tiie present invention. 

Fig. 3B illusttates a circuit diagram of a first image rejection cncurt m 
accordance witii the present invention. 

Kg. 3C Ulustrates a circuit diagram of a second image rejection Circuit m 
accordance with the present invention. t,„„,he 
Fig. 4A-4D illustiates four embodiments of phase shifters whrch make up ttte 
phase shift circuit in accordance with the present invention. 

Fig. 5 illustrates a circuit diagram of a 50 ohm impedance-matched .mag, 

i,„.(im«nt nf the oresent invention. 

rejection circuit in accordance wiui >..» ■^'^ 

Fig 6A illustrates tire image rejection circuit of Rg. 5 having a fust 
i^pedance-matchingnetwork coupled betweentiteoutputofthelQnetworkand tire 

output load. , 
Fig 6B Ulustrates the image rejection circuit of FigShavingasecond 

i.pedance-matchingnetworkcoupled~«>eou.put«f.helQ network and the 

""""""''Fig 7illustrates the image rejectionmixer circuit ofFig.5with additional 
bypass capacitors operable to filter out unwanted highftequency signals. 

nM^ilprt DfiSCtiPtion. imoedance-matched IQ network for use in 

room The present invention provides an nnpedance matcneo « 
an image rejection ciroait. As famUiar to those skilled in tiie art of high frequency 
systems, impedance-matched systems exhibU lower signal loss compared to umnatched 
systems due to Uie reduction/elimination of impedance discontinuities. Also, mipedance 
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^.ohingis preferred inorder.oobUinU.eappropriateperfonmncefro»*efoUowing 
IF stage; typically an IF filter. 

,00121 Fig. 3A illustrates a circuit block diagram of an image rejection circuit in 
accordance with one embodiment of the present invenUon. The image rejecUoncircur. 

300 includes an hnpedance-matched IQ network 350, in-phase and quadrature phase 
ou^n. mode mixers 360 and 370, and an output load 380 representing the equrvalent 

impedance of the subsequent IF circuitry. 

[0013] tothepreferredembodiment,theimpedance.matchedIQnetwork350 
includesaphase shift circuit 330 andaback termination 340. The IQ network 350 
operates to (i)phaseshiftthequadraturephasesignalt90 degrees relative to them- 
pLe signal, and (ii) sum the phase-shiltedquadrature signal withthe in-phase stgnalto 

produce a combined IQ signal. 

[00141 Thephaseshif.circuit330has(i)ani„-phasemixerport336coupledtothe 
Usemixer,(ii)aquadrature.phasemixerpon337coupIedtothequadr.urep^^^^^^ 
„ixer.(iii)atermination port 338 coupledtothebackterminati„n^,an„,^^^^^^^ 
port339 coupled to the output load 380. Preferably.the phase sh.ftcncu..330mcludes 
oneor more phase shifters, further describedbelow.coupledbetweenthein-phaseand 
<,uadrature-phasemixerports336and337 so as to providea90 degree phase shrft 
Lbetween. Further preferably,each phase shifter is designed to exhtbrtapredefmed 

Characteristic impedance (e.g., 50 ohms) at the desired frequency of operatron. The 
design process by which the phase and characteristic impedance conditions a« 
simultaneouslymetiswellknowninthean. Such design processes include hand 
calculations, use of computer aided engmeering design tools, or tables whrch may be 
consulted to obtain representaUvecircuitparameters. Those skilled m the art w.U 
appreciate that the 90 degree phase Shifter coupledbetween the in-phase andquadramre- 
phasemixerpor.maybecons,ructedasasi„gle90degreephaseshiftcr».t.two45 
degreecircuits, three 30 degree phase shiftcircuits, etc. Exemplary embodm,en.sofa90 

degree phase shifter is illustrated below. 
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Impedance-Matched IQ Network for an Image RejecUon Qrcuit 

[0015] -me back termination 340 is coupled to the termination port 338 of the phase 
shift circuit 330, and preterablyhas an impedance valuewhich substantially matches the 

impedance Zinpresent at tenninationport 338 of the phase shift circuit 330. inthe 
preferred embodiment, the back tennination 340 includes a resistive element (..e., a 
resistive film, lossy component, resistor, etc.) which damps any reflected signals 
propagating along the phase shift circuit 330. 

[0016] Fig 3B illustrates a circuit diagram of first image rejection circuit in 
accordance with the present invention, with previously identified components retaimng 
their reference numerals. In this embodiment, the in-phase and quadrature phase mtxers 
360 and 370 are cormgored as current mode elements, and the phase shift crcutt 330 .s 

implemented as three, series-coupled 90 degree phase shifters. 

[00171 The impedance-matched IQ network 350 is configured as three series-coupled 
90deUp'.aseshifters332,333,and334,andabackterminaaon340.The90degree 
phase shifters 332, 333, and 334, may be realized in various forms such as pi orT-type I. 
C(induc,or-capacitor)structures, distributed!^ networks, or transmission imes, as 

further desaibed below. The back termination i4U is provu^ - 

input impedance ^. at the tennination port 338 to attenuate signal reflections propa^tmg 
within the IQ network 350. As illustrated, the termination port 338 may be shared wtU, 

the in-phase (or alternatively, quadramre-phase) mixer port 337 (or 336). 

[0018] Positiveandnegativeterminalsofthein-phasemixerSeOarecoupledtothe 

phasesMftcir.ait330viain-phasemixerports336aand336b. Similarly, positive and 

negative terminals of the quadrature phase mixer 370 are coupled to the phase shift 
circuit 330 via quadrature-phase mbcer ports 337aand 337b. SpecificaUy,them-phase 

mixer 360 has positive and negative terminals comteCed to the output (output load stde 
of phase shifters 332 and 334, respectively. In an exemplary embodiment, a dtfferenttal 
gabert ceU mixer is employed, although those of skill in the art will readily appreciate 
that other mixer types, such as differential-pair singly-balanced mixers, dual-gate FET 
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mixers. FETringmixers, diode ring mixers, passive ring mixers, and other, may be 
employed in alternative embodiments willun tiie present invention. 

,00191 in a specific embodiment, the output load 380 and the bacic termination 340 
have substantially the same impedance, for example 50 ohms. In tins insunce, the 
characteristicimpedanceo£eachphaseshifter332,334and336isdesignedto 
s„bstantiaUy«atchthatimpedance(e.g., 50 ohms)to provide the impedance-nu^tchmg 

eharaaeristicoftheIQnetv,ork. Whtte ti« exemplary embodiment UlusUatesttoee 
phase shifters,alarger or smaller number maybe employedinaltemativeembodnnents. 
For insta„ce,asingle phase shifter circuit may be used inasingle^nded mixer 

embodiment as illustrated in Fig. 3A. 

,00201 Fig. 3C iUustrates a circuit diagram of a second image rejection circuit in 
LLv^itittire present invention. witi,previouslyidentifiedcomp«^u.sre.imng 

r,eirre..rencenumerals.lntitisembodiment.theoutput.oad380isad.fferen^^^^^^^ 
whichiscoupledto twophase shift circuits comprisingsingle 90 degreepasehtfters 

332a and332b.oneoneachsideof the differential load380.mte.mma,softhe^^^^^ 

quadrature phase mixer 370 are a,upled at tire inputs of ure phase s„,„ c=r..... - 
32b,andti,eterminalsofthein.phasemixer360arecoupledattheoutputs, Bade 
terminations 340a and 340b are coupled to titeir respective phase shift circu.ts 33^ and 

332b to provide hnpedance matching to each circuit. As explained above, each of he 
phase sMft Circuits 332a.d332bmay employ one or more phase shifters toprov.de the 

90 degree phase shift and tiie desired characteristic impedance. 

,0021] Those skilled in tire art wiU recoprize tirat ti,e phasing of the IQ network 
Lte^adirectional property by which tire desired IF Signal is deliveredto the output 

,oad 380, While the reflected, mrwantedlFsignalsare dissipated atthebacktermma^^ 

340 A3dB improvement in output signal power is provided by tire IQnetworkof tire 

present invention compared to non-directional imped^ce matched networks. 
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,00221 Fig 4A-4DiUusUalesfou,embodime„.sof phaseshifterswhichmakeupthe 

phase shfflcircute 332. 334,336 in accordance with represent invention. Bg.4A 

must,atesapi-.ypeUCph^shif.eM20havingafirstshnn.ind„c.or422^ase»nd 

.hnntinanctot424,andaseriescapacitor426connec.ed.herebe.ween.mva.uesofU^^ 

i„d»c.ors422,424andcapaci.o,426arese,ected,oprovidea90degreephasesh.ft 

he,wee„pom421and429,and to provide .he desired characteristicin-pedanceatthe 

operatingftcuency. This particular topology provides an addiUona, advantage rnUrt 

:sh„nLd!c.ors422and424canheaddi«onanynsed.osnppl,bias.othe,— 

a„din-phasen,ixersaswiUbeft.rtheriUnstratedbelow.Inanexen.pla^e»b^^^^^ 

which.hephaseshifterisdesignedtoexhibita90degreephaseshit.anda50ohm 

eharacterisUcin,pedancea.200MH..theshuntind„ctors422and424haveavalue^ 

approximately 40nH, and the seriescapacitor 426 hasavalue of approxn^el^P^^^^ 

rtheenrbodhnentinwhichtwoorntoreofthesephaseshiftersarecascadedO-e.^™^ 

.hunt inductors are connected inparallel. thereby fonningane«ecuve™dnctance„£20 

„H. This exemplary configuration is further illustrated below. 

aseries inductor connected between two Shun, capacttors may oc.».^..~v-~^ 
asaphaseshiftcircuitaswell. Further, a small series and/or large paraUel resrstor 
Imelaybeaddedtothephaseshifterstodamppossibleunwantedsignalrefiectro,., 
r:hichcaLthedeterminationof.hecharac.risUcimpedanceinc.udes.hep,«^^^ 

this element. 

,00241 Fig.4BfflustratesaT.typeI.Cphaseshit.er440havingasingleshunt 

rui442Lpledbetweentwoseriescapacitors444and446extendingbetw«^ 

i„putandoutp,tports441and449,respecively. Values of the inductor 442 arrd 
Jpacitors 444 and 446(andpossib,yanaddedresis,or)are selected as p«>v.ded^oe, 

and the dual of the ciKuit may be alternatively employed as well, membodrmentsm 

.hichtwo or more ofthese circuits are cascaded inseries..he interior senescapa^o. 

^,he combined asasinglecapacitor,the reciprocal value of whichrsthesumolthe 

reciprocal values of the individual capacitors. 
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,00251 4C a— a distributed pi-type phase shifter 460 ir, accordance 

liththe invention, to this embodiment, a series inductor 462 formed as a narrow 
^nsmissioniinesectionCc^mparedtotheinput/outlineJisconnectedbetween.^^^^^ 
capacitors464 and 466formedby two widetransmissioniine sections. Asi^ownmthe 
art the width and lengthof these line sections c^be manipulated to ascertam the 
.;„iredcapacitanceandinductance values, ^addition ofresistive elements .fa^^^ 
„;beacImplishedush>gdepositiontechni,nes^owninthear.. Mnotedsr^^^^^^^^^ 
abl the dual ofthiscircuitmayalsoberealizedinadistributedformrnanalteratrv 
^Lent. Further, while thedistributedphaseshi«er460ispresen.dinam..^^^ 
„cMtec.ure,thoses^edin.heartwUlappreciatethatotherdistributed,opolo.es^^^^^ 
as coplanar waveguide, stripline,coaKi^,suspendedwaveguide, etc. maybe usedm 

alternative embodiments within the present invention. 

,00261 Fig 4DiUustratesatr»smissionlinephaseshifter480madeupo£a 
Lansmissionlinehavingapredefinedlengd. andcharaaeristic impedance T^^^^^ 
predefined lengthwillprovidethedesi.ed90degreephasedi«erencebetwe.*^^^^^^^^^ 
ports 481 and 489.and the line's dielectric material and cross-secuona-cons^^^^^^^^ 
determine its characteristic impedance. Mexemplary.butnon-exhaust.vel.stof such 

^sincludeprintedcircuitboardlines,c„axialcab,e.twistedpair,wire,tr_ 
lines constructed in microstrip, coplanar wave^ide, stripline. as well as other 

conventionally-known architectures. 

,00271 Fig. 5 illustrates a circuit diagram of a 50 ohm inrpedance matched image 
ejjoncircuit500inac«,rdancewithoneembodimentofthe present inve„Uon,w.t^^ 

;lslyidentifiedcomponentsretainingtheirreferencenumera.s.Them,age^^^^^^^ 
Circuit 500 includesa50ohm,impedance-matchedIQne.w„rl.350, ..-phase aud 
,„adraturephasemixers360and370,anda50ohmo«tputload380representmgthe 

equivalent impedance of the subsequent IF circuitry. 
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,00281 In a specific embodiment, the IQ network 350 includes three pi-type phase 
shiJters420 as previously shown inFig.4A, each providinga90 degree phase shift a,.d 

exhibiting a 50 ohm characteristic hnpedance a. 200 MH.. In this embodiment, the shunt 
inductors L, and U are 40 nH, and the series capacitors C, and C, are 16 pF. Tlte 
interior phase shifter 420b includes two shunt inductors of 20 nH. as these inductors »e 
the equivalent of two sets of two, parallel-coupled 40 nH inductors. The IQnetwork 350 

further includeaback termination 340 of 50 ohms which matches the characterrsttc 
hnpedancoteachphase shifter420 and the output load380.Biascurren.issupphed to 
the in-phase and quadrature phase mixers 360 and 370viainductorsLr.withinti.e phase 
shifters as shown. Capacitor U operates as a DC blocking capacitor and can be generaUy 
selected to permit passage of the destaed IF signal, e.g.. 1 nF for the aforementioned 
exemplary embodiment. 

,00291 In some instances, it may be preferable to augment the impedance matching 
Lction of the IQ network 350 withaseparate impedance matching network. F,^6A 

andfiBinustiatetwoexemplary embodiments, although those of skill inthe art wd. 

appreciate that numerous other matchingdrcuitsmaybeusedinaltematrveembodrments 

within the invention. 

,00301 Fig.6Amustra,estheimagereiectioncircuitofFig.5(mi«usmixers)fur.her 
LanhnpedancematchingnetworkcoupledbetweentheoutputofthelQne^ork 

350 and the output load 380. In this embodiment, the impedanc output load ts 
determined tobe smaller inmagnitude than theoutpnt impedance of titelQnetworkZ., 

»dthematchingnetwork610includesashu„tinduc,orUandaseriescapaatorC^^ 

TheshuntinductorUisconnected inparaUel to the output port inductorophaseshtfter 

420C and accordingly thetwoma,becombinedin.oasingleinductor,asd.ustrated. 

Additionally,.he impedance matchingcapadtorCMreplaces the previously employed 

DC blocking capacitor Q. The result provides further impedance match.ngcapab.Uty 

without additional components. 
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,00311 Fig.6BmusUa,es*.taagerejec,iondrcuito£Fig.5havingasecond 

networ.andtheou.pu.load380.lnto— .*eou.p»tloadta-pe^nceZ.. 
aete™Medtobe.a,gerthano„tputin,ped.oeon.e.Qne.o*^.-n.e«^^^^^ 
networkeiOincludesaseriescapacitorCM which replaces tt.prev.o„slye»ploy«^^^^^^ 

"MngcapacitorandwMchiscoupledbe.eentheou.pu.induc.oronhep^s.«^^ 
«OcanLLtinductorI.(coupled.oground).In«.se,nhodi.nen.,«read^m^^^ 

in.pedancen>a.chi„gcapabmtycanheachievedwiU.theaddiaonofone.nduc,orU.. 

,00321 Fig. 7 Ulustrates the image rejection mixer circuit of Fig 5 wi* additional 

LtedlHngcircui.operaUo.Thecircui.700includes.eafore— 
Idcapaciior elements L.andC„,andbypasscapadtorsQ.co»ple^»*em«. 
;rtslhown. lnthepre.rredemWiment,theva.uesof some/aUo 0>ep^s^^^ 
lemen. are modified with .he inclusionoftt.ebypasscapaci.orsC..omam.amU.e90 
eiemenisaie i„ the above exemplary embodmiem, 

degree phase shift and charactens..c m^^dance. In Ae P > 

JadaLofb,passcapad.orsC..eachof which is selects .obe4pF.alte.*^^ 

.auctancevaluescfUa.dUto31.Bn„andin.riorm<^^^^^^^ 

with capacitors Cm retaining their previous values. The toregomg ex p V 
;leof«remanypossib,ecircui.addi.ionsormodificaUonswhichma,beusedm 

alternative embodiments under the present inventton. 

,00331 Whiletheaboveisadetaade^.iono£.hepresentinven.ion,itisonly 
exemlary and variousmodifications, alterations and equivalents maybe employedrn 
:::rpparatiandprocessesdescribedherein.Accordingly,*esco,«ofthepresen. 
invention is hereby definedbyUreme^s and bounds of the fonowmgclam«: 
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